Inequalities in health have attracted much epidemiological interest Usually, differences in rates of ill-health between the sexes, among socio-economic groups, geographical regions, etc., are quantified separately, so that it remains undear which variables are associated with the largest degree of variation. We analyzed variations in perceived general health, prevalence of chronic conditions, and mortality associated with six sododemographic characteristics: age, gender, marital status, level of education, degree of urbanization and region. Nationally representative data from the Netherlands were used. The Index of Dissimilarity (the proportion of the number of cases of ill-health in the whole population which has to be redistributed to achieve complete equality) was used to summarize the degree of variation in these health measures. Age was associated with the highest degree of variation In all three health measures. The rank order of the other background characteristics differed slightiy among health measures, but on the whole gender, marital status and level of education appeared to be of equal importance. Degree of urbanization and region were less important, although not negligible. Improvements in the health status of groups having high rates of health problems could contribute substantially to further reduction of the burden of Ill-health in the population as a whole. The results of this analysis suggest that such interventions should not be limited to one dimension of inequality only, and that, at least in the Netherlands, inequalities by gender, marital status and level of education deserve equal attention from health policy makers. Examples of specific factors and mechanisms Involved in these inequalities are given, and possible strategies for reduction of these inequalities are discussed.
Vari ation in rates of ill-health among population subgroups is a frequently researched topic in epidemiology.
The study of such variation may serve two purposes. On the one hand, analyses of the variation in the frequency of health problems may lead to hypotheses concerning the causes of these problems (Hennekens & Buring 1987) . This is exemplified by epidemiological studies concerned with geographical variation in morbidity or mortality rates. On the other hand, analyses of variation in the frequency of health problems may also help target subgroups of the population in need of more than the usual amount of preventive or curative health service interventions (Florey 1983) . Inequalities in health among socioeconomic groups are frequently viewed from this perspective, as illustrated by the World Health Organization's call for a reduction of such inequalities by 25% between 1985 and the year 2000 (World Health Organization 1985) . Both purposes are obviously interrelated, because a reduction of the health burden of disadvantaged groups requires knowledge of the causes of these health problems. At the same time, a systematic study of vulnerable groups is likely to generate ideas on the etiology of health problems in the population at large.
Most epidemiological studies of variation in rates of illhealth among population subgroups take a one-sided view of such inequalities, in the sense that these are studied along one 'axis' only: region, or socio-economic status, or another background characteristic This may be appropriate when the purpose is to generate hypotheses on the etiology of health problems (provided that the factors omitted in the analysis are not confounding the relationship under study). However, when the purpose is to help policy makers to identify subgroups in need of special attention, a more comprehensive approach would help enormously in setting priorities. Only a comprehensive approach will tell which of the 'axes' is associated with the largest amount of variation in the frequency of health problems. The purpose of this paper is to compare the degree of variation in rates of ill-health associated with six different sociodemographic characteristics in the Netherlands: age, gender, marital status, level of education, degree of urbanization, and region. Most of these background characteristics will influence health only 'indirectly' through more specific intermediary factors and mechanisms (e-g. smoking, psychosocial stress, occupational exposures). In the case of gender, and especially age, 'direct' biological mechanisms are also involved. Although it would have been interesting to include even more factors in the analysis, such as ethnicity or religious affiliation, availability of data for these other factors was insufficient.
MATERIALS AND METHODS
Three indicators of ill-health were selected: perceived general health (percentage reporting their general health as being less than 'good'), the prevalence of chronic conditions (number of reported chronic conditions per 100 persons), and all-cause mortality (rates per 100,000 person-years). Data on perceived general health and chronic conditions were available from the Netherlands Health Interview Survey. This is a continuous survey by the Netherlands Central Bureau of Statistics which started in 1981 and involves a nationally representative sample of approximately 10,000 non-institutionalized persons each year. The prevalence of chronic conditions is measured by showing responders a list with 26 named conditions, and asking them to state for each of these whether they have had it during the past 12 months or not. The survey also contains questions concerning age, gender, marital status, level of education, and place of residence. The design of these comparisons is cross-sectional. Data on mortality were available from the national mortality register of the Netherlands Central Bureau of Statistics. This is derived from the municipal population registers, which record births, deaths, changes of marital status, and changes of address. These population registers are virtually complete and are kept up-to-date continuously. The mortality register also contains information on age, gender, marital status, and place of residence of the deceased. Level of education is not recorded in the mortality register. The data presented here on mortality experience by level of education were taken from a study of a complete birth cohort of 78,505 18-year old men screened for military service in 1950 and followed up until 1982 (Doombos & Kromhout 1990) . Three thousand fifty-six of rhese men died during follow-up. The mortality experience of this cohort is restricted to the 1970s and early 1980s. This study is thought to give the best available estimate of current mortality differences by level of education (among men) in the Netherlands (Kunst et al. 1990 ). All data apply to the first half of the 1980s. Several years' data were combined in order to reduce random error.
Rates in different subgroups of the population are presented in an age-and sex-standardized form, using the total Netherlands population as the standard. Standardization is necessary when different population subgroups have different age-and sex-structures, which is frequently the case and would lead to seriously biased estimates of differences in rates of ill-health. In most instances, data were published in an age-and sex-standardized form and used as presented. Additional adjustments for each of the other sociodemographic characteristics (e.g. when studying level of education, adjustments for marital status, region, degree of urbanization, in addition to age and sex), were not feasible due to lack of sufficiently detailed data. For each of the six sociodemographic characteristics, the degree of variation in the three measures of ill-health was quantified in two steps. The first consisted of the calculation of a simple ratio between each of the (standardized) rates in the subgroups and the average rate in the Dutch population as a whole. These Rate Ratios (RR) describe the pattern and extent of the variation in rates among subgroups, while bringing every health indicator on the same scale with average value = 1.00. Rate Ratios were preferred to the more conventional Relative Risk measure because the latter requires the identification of a reference category of unexposed. For most sociodemographic characteristics such a reference category is not obvious. Choosing the subgroup with the lowest rates would lead to different reference categories for different health indicators. We therefore preferred to take the whole population as 'reference category'. A summary measure of the degree of variation in rates of ill-health was then calculated. A measure was selected which uses information on all subgroups (not only on the extreme ones, as in range measures) and which weighs the deviation in each of the subgroups with its population share (so that a high rate of ill-health in a small segment of the total population receives less weight than an equally high rate in a larger subgroup).
In principle, the Population-Attributable Risk or Etiological Fraction (Kleinbaum et al. 1982 ) fulfils these criteria, but this measure like the Relative Risk requires the designation of a category of unexposed. As was stated above, this is impossible here. We therefore chose a less well-known measure, the Index of Dissimilarity (ID) (Preston etal. 1985 , Koskinen 1985 , Wagstaff et al. 1991 , which does fulfil the two criteria but does not require the designation of a non-exposed category. It is instead derived from the Rate Ratio measure given above:
in which ID = Index of Dissimilarity i = socio-demographic subgroup (age-group 1,..., k; region 1, ..., k; etc.) Pi -proportion of population in socio-demographic subgroup i RR4 = Rate Ratio of socio-demographic subgroup i.
The calculation of the Index of Dissimilarity involves taking a weighted average of the deviations from the national average in each sociodemographic subgroup. These deviations are equal to the absolute value of the Rate Ratio minus unity. This weighted average is divided by two to arrive at a very straightforward interpretation: the Index of Dissimilarity equals the proportion of the number of cases of ill-health in the whole population which has to be redistributed between sociodemographic subgroups in order to give each of them the same Rate Ratio (RR= 1.00).
RESULTS
The results of the first step of the analysis (calculation of Rate Ratios for each of the health indicators and population subgroups) are presented in table I and 2. As ex-peered, ageing was associated with an increasing percentage of the population rating its health as less than 'good', an increasing prevalence of chronic conditions, as well as increasing mortality (table I) . The increase, however, is much more dramatic for mortality rates than for the two health interview survey-based measures. This may, in part, be due to the exclusion of institutionalized persons in the sample for this survey, but the pattern is already evident at ages (i.e. below 80) where the institutionalized represent only a minor proportion of the total population. Another explanation could be that the increase with age is much more pronounced for potentially fatal diseases than for other health problems, and/or that the increase with age of mortality rates reflects both increasing incidence or prevalence rates and increasing case fatality. Another difference between the three patterns is observed in the younger age-groups. For the percentage rating health as less than 'good', and for mortality, the most favourable figures are not found in the youngest age-group but at slightly older ages (10-14, and 5-14, respectively). For the prevalence of chronic conditions such a pattern is not evident. Greater differences in patterns among the three health indicators are seen in the case of variation between the sexes (table I). The percentage rating health as less than 'good' as well as the prevalence of chronic conditions are higher in women, whereas mortality rates are higher in men. This may partly reflect differences in reporting of health problems between men and women, but may also be due to a higher prevalence of non-fatal conditions among women, and of fatal conditions among men. Patterns of variation by marital status also differ between health indicators (table I) . Unfavourable figures for all three indicators are found among divorced persons. Married persons, on the other hand, have low mortality rates and average rates for the two health interview surveybased measures. Never married and widowed persons have high mortality rates but low to average rates for percentage rating health as less than 'good' and prevalence of chronic conditions. More consistent patterns are seen for level of education (table 1) and degree of urbanization (table 2). Persons with a higher level of education in general have a better perceived health, a lower prevalence of chronic conditions, and lower mortality rates. The differences are largest for perceived health. There is a similarly regular gradient for degree of urbanization: the more rural a municipality, the more favourable the rates of ill-health, irrespective of the indicator chosen. Regional variation in rates of ill-health again shows diverging patterns for the three indicators (table 2) . For example, Zeeland is characterized by low mortality rates but a high precentage of the population rating its health as less than 'good'. The range of variation on the whole is rather small: although 11 different subgroups are distinguished, the Rate Ratios range between 0.85 and 1.15 (perceived health), 0.94 and 1.22 (chronic conditions) and 0.89 and 1.08 (mortality). Table 3 presents the results of the second and final step of the analysis (calculation of the summary measure, i.e. the Index of Dissimilarity). This enables us to compare the extent of variation in rates of ill-health between sociodemographic characteristics. For all three indicators, age is associated with the largest degree of variation. Removal Table 2 For the prevalence of chronic conditions there is not much difference between sociodemographic characteristics (other than age) in the associated degree of variation: the Index of Dissimilarity ranges from 0.026 (region) to 0.042 (gender). For mortality, on the other hand, differences between sociodemographic characteristics are extremely large. Not only is the largest value of the Index of Dissimilarity (0.682 for age) larger than the largest value observed with each of the other two indicators, but the smallest value (0.012 for region) also is smaller than any other Index of Dissimilarity in table 3. After age, gender is die most important variable associated with inequalities in mortality, closely followed by marital status. Level of education occupies an intermediate position.
DISCUSSION
The Dutch population (and, for that matter, any other national population) is heterogeneous with respect to the frequency of occurrence of health problems. We quantified the degree of variation in frequency of health problems associated with six different sociodemographic characteristics. Not surprisingly, age is associated with the highest degree of variation in all three health measures employed. The rank order of the other characteristics differs among the health measures, but on the whole gender, marital status and level of education appear to be equally important, and to be more important in that respect than degree of urbanization and region. We used the Index of Dissimilarity to quantify the degree of variation in frequency of health problems. This measure weighs the deviation from die national average in each of the subgroups with its population share, and thus is more sensitive to deviations if they occur in larger subgroups. For health policy purposes this would seem to be a plausible procedure, and to be preferable to procedures which do not take this into account.
It is important to note, however, that the Index of Dissimilarity does not take into account the direction of the differences. For example, in the case of gender, the Index of Dissimilarity does not disclose that for the percentage rating health as less than 'good' and chronic conditions per 100 persons, men are better off than women, while for mortality rates the reverse is true. Another sociodemographic characteristic where differences in ranking between subgroups remain concealed is marital status. It would be interesting to calculate a measure of inequality for a health indicator which combines morbidity and mortality, such as diseasefree life expectancy (Robine et al. 1987 , Ginneken et al. 1991 . We expect that with such an indicator level of education would appear as a more important variable associated with inequality than gender and marital status. We do not know to what extent our results may be generalized to other industrialized countries. We are not aware of any other attempt to compare in a quantitative way die degree of variation in ill-health associated with a set of different sociodemographic characteristics. We do know, however, that the degree of variation in ill-health between socioeconomic groups probably differs between countries (Leclerc et al. 1990 , Valkonen 1989 , Vagero &. Lundberg 1989 . It is therefore quite possible that the ranking of sociodemographic characteristics according to the associated degree of variation in health also differs between countries. We would welcome attempts to replicate this analysis on data from other countries. The results of our analysis suggest that health policy should not exclusively focus on one dimension of inequality only, and that, at least in the Netherlands, inequalities by gender, marital status and level of education deserve equal amounts of attention. But what to do about these inequalities in health? The most straightforward way to eliminate these inequalities would be to reduce the variation in the sociodemographic characteristics as such. This is, however, completely impossible in the case of gender and marital status, and only partly possible in the case of level of education, hi the latter case, die removal of barriers to educational achievement for children from the lower socioeconomic classes would seem to be a good and realistic example of a strategy aiming at reducing the variation in sociodemographic characteristics as such. Unfortunately, such examples are rare, and the only remaining way to reduce variation in health associated with diese characteristics is to search for more specific intermediary factors and mechanisms through which these characteristics 'indirecdy' influence health. Although a review of these specific factors and mechanisms is outside die scope of this paper, it will be attempted to make a number of general remarks on the basis of the available literature and specific information from the Netherlands. First of all, it is necessary to distinguish between the contribution of selection processes (in which ill-health determines die membership of a sociodemographic group) and that of 'causal' effects of sociodemographic characteristics on health (dirough the differential distribution of specific causes of ill-health). Selection processes cannot operate in die case of gender, but they can in the case of marital status (where ill-healdi may prevent marriage or lead to a divorce) and level of education (where ill-healdi may have hampered school careers). Although there is some evidence for diese selection processes bodi in the case of marital status and in die case of level of education (or socioeconomic status in general), the contribution of diese processes to die explanation of inequalities in ill-health is generally considered to be small (Morgan 1980 , Wilkinson 1986 ). This leaves us with die differential distribution of causes of ill-health, and with die question which of diese 'intermediary' factors contributes most to die explanation of inequalities in healdi. In die case of gender, genetic factors have to be considered, the distribution of which is clearly not subject to healdi policy measures. On the other hand, even in die case of gender the effects of diese genetic factors vary tremendously depending on environmental conditions, as is evident from trends over time of sex differentials in mortality (Waldron 1983 ). Reviews of factors involved in inequalities in healdi by gender (Maclntyre 1986 , Ruzicka &. Lopez 1983 , marital status (Maclntyre 1986 , Morgan 1980 ) and socioeconomic status (Marmot et al. 1987 ) suggest diat die following groups of (non-genetic) factors probably always contribute to a varying extent:
• aspects of behaviour (smoking, alcohol consumption, diet); • material life circumstances (level of living, housing, occupational and odier exposures); • psychosocial stress-related circumstances (life events, social support); • healdi care (adequate supply and use of preventive and curative services). Many of diese factors may be subject to health policy interventions, but it is of course dependent on the quantitative contribution of a factor to die explanation of a pattern of ill-healdi how much effort one would like to spend on it. Recognizing this, and acknowledging die substantial public healdi impact of socioeconomic inequalities in healdi, die Nedierlands' Ministry of Welfare, Public Health and Cultural Affairs recently decided to launch a national research programme in the area of socio-economic inequalities in health (Mackenbach 1991) . Although die programme contains descriptive, explanatory and intervention-oriented studies, die focus is on explanatory studies. The main purpose of these explanatory studies is to determine 'die contribution of die factors mentioned above to die generation of socio-economic inequalities in healdi. Preliminary results of diis programme, which covers the five years between 1989 and 1993, show that the following factors are more prevalent in lower socioeconomic groups: smoking and obesity ('aspects of behaviour'); unfavourable physical working conditions ('material life circumstances'); lack of social support ('psychosocial stress-related factors'); and low use of preventive healdi care services Chealrh care') (Mackenbach 1992) . Clearly, for some of diese factors health policy measures could be considered. Recently a conference has been held to gain political and societal support for a strategy to reduce socio-economic inequalities in healdi dirough measures aimed at diese factors (Wetenschappelijke Raad voor het Regeringsbeleid 1991). This example from die Nedierlands may serve to illustrate die possibilities for a systematic approach to die explanation and reduction of inequalities in healdi.
